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Question #1 (Total 12 po ints) — -2^ 

Define and implement the class sq matrix which presents a square matrix of doubles Th* a- 
matrix is less than 100. The Ha« ««*™>r« e ti« ^vi,,,,,,;^ «„. ^»;„„... /* .„:>«„ c , : . air &ensi 



matrix is less than 100. The class supports the following options: (4 points for proper clmdecJa^ZT 
(2 points) square jnatrix (unsigned int ditan) : it sets the dimension of the matrix toi- 



IOQ of i 



the elements are initialized to zeros. U mm tiieek that dimn is less than 100. 

(3 points) Add (const matrix &B) -. which addi matrix B to current matrix The operatic 

iffhc two matrices are of the -same dimension. ,0 njsonly 

(3 points) Copy (const matrix 68 i : wnieh copies matrix B to current matrix overridino a: 
stored values . iafflg d,r nension 
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Question #2 (Total 2_0j BO_fats} 

Using the standard singly linked- list storing items of ListElemType, add the following member functions: 

- Split (ListElemType pivot, List &L2) which splits the list into two lists, all elements smaller thjJ 
pivot remain in the current list and all elements greater than or equal to pivot move to list L2. 

- Sort( ): This function sorts the current list using the selection sort algorithm. 
Write the definition of th e class (4. points! and write the code of the above two member functinn* (g p 




Page 2/6 




a) (6 points) Write the code for bin ity seascfa Algorithm that sea? fees a soiled array a [ ] of integers forth* 3 
equal to key. The array size is passed as paimaiejef a. 




searching for 24. 



^ase V< 




a) (8 points) Write an external function Boolean Identical (const Queue &Q1, const Queue sn-> 1 
that determines if the two queues are identical. Preconditions: Ql and Q2 have been initialized. Postconditions- 
Queues are unchanged and function return value is true if the two queues are identical, false otherwise. 



b)(8 
int 
fundH 




Value) that uses meml 
the rest of the stack 
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Ouc«tion#5 (Total It „ 

Consider the implementation of the chained hash tables, with the standard operations of lookup, deleteKey, andj 

The entries in the table is kept hi an array with maximum size MM _TABL£_SIZE, however, the actual tables 

can be smaller than MAX_TABLE__0 : aad is kept in a private variable called tableSize that is passed as 

parameter to the constructor, i e. &® >- -.r m\m of the 1 able class will look as follows: 

Table : : Table ( int t_ s ize . ,;moU;;Hy you ma) disregard the usage of templates for this question 

i- (6 points) Write the code for the new constructor A ;i .<. which sh^nld assure that 

t size <= MAX_TABLE_bl ZK, If t s i ?e is equal to zero, the table size becomes MAX_TABEL_size. 




■ 






le &tl) that copies thel 
ftrrent table is erased andj 

He. 
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Define arid implement the class Polynomial which represents polynomial of the form 
P(x) = a n x" +a n _ i x"~ + •■• + <*,* +a Q . The degree of the polynomial n is less than 100. The class supports the 
, following operations: (4 points for proper class declaration) 
JL (2 points) Polynomial (unsigned int deg) : it sets the degree of the polynomial to deq and all the 
^p coefficients {a, }^ are initialized to zeros. It must check lhat deg is less than 100. 

■~ (3 points) Polynomial (unsigned int deg, double a J ] \ :it sets the degree of the polynomial to dea 
and all the coefficients {a, }J2 are initialized with the values in the array a [ ] . It must check that deg is less than 1 00. 
(5 points) Polynomial* Add(conjg^^ ■PaT~^g^ which adds polynomial B to the current 
polynomial and returns a pointer toij^ Klyti^gd fcteeof the resulting polynomial is the larger 

of the two polynomials' J 





18 potato) 
)efine a single-lPfied circular list (CircList) AD T supporting the standards list operations of First , Next , 
Insert. In addition the list supports the G\t&&fam void Merge { const CircList &c]List ) which merges 
clist with current list and the operation ReversePrint which prints the elements in the $st in reverse order 
without using any additional structures. z ■:*--:■ initio?* oft!/ -,te and the functions Insjert , Merge, and 
ReversePrint . 






V 




? 



L 




b)(6poi 

QueueElemType newValue 
with newValue leaving the rest 
replaced, 



infc Replace (Queue &Q 4 



QueueElemType item, 

to replace all occurrences of item 
the number of jqueue entries that were 



♦ 



b) (6 points) S 
result? 5 3 *■ 




is the final 




lliiiiiiii flM 





>wn as lasea bSort 
void £nsertIonSort(int a[], iftt n) 

{ 

int x; // item in the ax* ' 

int i, j; 

for (i»l; i < n; i++) { 

x * a[i] ; 

j = i - 1; 

while (j >=0 && a{j] > x) { 

a[j+l] - afjl; 

j — ; 

} // end while 

a[j+l] = x; 

} // end for 

}• 

a) [8 points] Trace the execution of the 



st • Es array a in ascending order. 



5 7 13] 




b)[6 points] Find the best 
(array size). 



case: 




J 



big D) as function of n 



Worst case: 



■;•■ ^ 



&L\ 




as T m- F, with brief explanation 



ii) Binary search is always faster 



iii) When hashing is used increase size of hash table array always reduces the number of collisions. 



iv) If we use chaining in a hashing scheme we don't have to worry about collision resolution. 



v) For population size of 50, a 
performance if tabiejjj 



b) [10 points] Consider, 
these values will be 
t) Using linear 
ii) Using chat 
Then fill the pro 1 



always provide beitter collision 



7 566 620 735. Show how 
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lex numbers. Each 
ie Complex ADT 
e ComplexVector class 
m the table below. Write 
Tons. You need to select the 

JI^T; | e ( . " ( i • t tpjgx cla ss ADT. 

hv.-, ciyW^ififtTGrT^ V at set^ the size of the complex vector- to 

I Size and h ittajjged all elements of the vector to (0+jO). 

: Lhe ' toe ©f element ? of the vector to c. It should check 

\i > i is l ess thati: size of the vector. . 

Adds the vector jc to the current object. The function should 
first assess that the two vectors have the same size, if so the 



Catettiab . the dot product of the vector jc and the current object. 
1 he fan; :~ion should first assert that the two vectors have the 

sat! em ; : "so the ad. ji .. j-^vl^H^^L— — 



i . & 1/6 




Undard single-linked list ADT storing items of ListElemType. Write code for the following member 

Ls) interchange: This function will consider each two adjacent nodes together and exchange the data in 
tfsSg with the head as node 0. the contents of nodes and 1 will be exchanged nodes 2 and 3 will be 
t U and so on. If the list contains an odd number of nodes, the contents of the last node will not be 
with any other node. 



points) Reverse: 
jctures. The " 




without using any additional 
nodes. 



previa! 



stroying all 
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d^^.-M->ST?^-f^ ?Ma^m§mmmmmmmmm 



to nmiitsi 

, Two stacks are implemented in mm array of | ; -,ig- \ DO as sfaowfi. The tops of the stacks are pointed to 
ap2 and grow toward each other. Wi he a procedure Lftt stacki st* 

jjajype v. int s) that pushes die contents af v onto tl*e ;?ack itiox^cd by s. 

lvalue of 1 or 2. If the stack to which v is to be added full, then push 

JA it, but should return -1, if push saceeeds it returns .;. fct initu zaion 

)dtop2= 100. Provide the cu.dlion for a M\ $mfc. 
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TOP2 



element of a queue, 
alue indicating 




0&v\Ct|- 
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ekr-e. 



■go points) 

Implementation of the chained hash tables with keys of type KeyDataType and associated data of 
JE supporting the standard operations lookup, deieteKey, and insert. The entries in the table is kept in an 
Eimum size MAX TABLE _SIZE, however, the actual table size can be smaller than MAX TABLE SIZE 
i a private variable called tableSize that is passed as parameter to the constructor, i.e. the constructor of 

ss will look as follows: Table : :Table(int tsize). For simplicity you may ignore templates usage for this 

s) Write the code for the new constructor function. Make sure that tjiize <- MAXTABLESIZE. 



pints) Add a member fun 
f the table//. Keep i 



insi Table &tl) that merges the current table / 
ues of tableSize. 




P>r key Ikey. If and 
st(so if the node 
soon). Ifthenodeis 
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Question 1: 

Define an abstract data type, the class Courpi xfetrix, that represents a square matrix 
of Complex numbers. Each element of the ma! its h an obirct of the Complex ADT. 
The Complex APT supports (he operation Arid , Multiply, and the Set /Get 
functions. The ComplexMatrix class conl tins upto 100 complex umbers per 
dimension and supports the member flinch ■< a ?: m the table below. Write the 
definition of the ComplexMatrix c]asg e aM^^2kffle?H its member functions. You 
need to select the proper return j^^ B^ie ^^^You don't need to write 

the Complex class ADT 



i) ComplexMj 
dimn] 



ii) SetElj 



iii) Mi 



ipie] 
fcerti 



cua 



Questioi 
i. 



11. 



its 



thi 






pom 


ujj 


Kt 


main 


r-« 


Mists. 


Question3: ^ 1 






i. The folloJB 


rat V 


■Kid it is 


called quicMI 


bpr3 


^Rist elements 


in the array. ^B 






int partitioning (int a[], int fir^P 

{ 

int pos=first; 


^, ^H l^pnt posl ,int pos2) 




int t -L'>-a[pos1];- 


for (int i=sfirst+1;i<~ian.t:i ++} 




afpos 1 j~afpo& i /j;a[pos2]=temp; 


if (a[fisrt]>a r 






{ 




vm4 sort §r\i afljni ffrsMnt last) 


pOS-H*; 




i 


swap(a,i pos); 




if (first; stast) return; - 


}// end of loop 




int p«vof=:partitionmg(a,first,last); 


swap(a,first,pos); 




sort(a,pivoi+1,last); 


retrun pos; 




soiKa.first.pivoM); 


}// end of partitioning 




] 




11. 



a) Trace the above code for the following array -12 5 20 -3 9 

b) What is the number of comparisons in the worst case of this algorithm? 
Write a class BinarySearch to search for certain target in an array of strings 
recursively. 



Question 4: 

i. Write a function deloccurrence (stack & s, stackelemtype v) to delete all 
occurrence of the element v from the stack s 

Write a function printprime, to print all prime numbers stored in a given Queue Q. 
Write the definition of the stand ard circular queu e class using linked lists and 
implement the enqueue ' 



n. 
iii. 



Question 5: 
i. Write the cod 
Updated^ 
respective 
curren 
ii. Usin 
clas 
rep 



urrent, and 
tasks 
by the 




s% 



Question 1: 



#include "complex.h" 
const int MAXSIZE = 100; 
Class ComplexMatrix { 
public: 

ComplexMatrix(unsigned int dinin 

void SetElem(int.i>int j, cons 

void Multiply(const Co 
private: * >- 

//the array for storing ele 

Complex Eleme 

int dim; //the a 
} 

ComplexMatrix : : 

{ 

intij; 

assert(dimn<M 
dim = dimn ; 
for(i=0; i < MAX] 
for(j=0;j 

{ 



} 



void ComplexMatrix::Set 
Complex &c) 

{ 

assert(i < dim && j < dim); 

Elements[i][j].SetReal(c.GetR 

Elements[i][j].SetImag(c.Get 

} 



i Con 4 Matrix Coi nplex Matrix ::Multiply(const 

ComplexMatrix &B) 

! f 

3 isert(dtm==sB.diin); int ij,k; 
If> lexMatr ix Result(dim); 
|emp; 

|^dim;j++) 

:=0;k<dim;k++) 

.Elements (j][k]); 




(2S\ 



Question 5: 

i- The code of the 



#include<assert.h> 

template <class ListElementType> 

class List 

{ 

public: 

List(); 

void insert(const ListElementType, 

bool first(ListElementType 

bool next(ListElementT 

void UpdateCurrent( 

void InsertAtBegi 

void deleteCurre. 

private: 

struct Node; 

typedef N 

struct Nod 

{ 

ListElemeg 
Link next 

}; 

Link heai 
Link tail; 
Link curre^ 

}; 

template <c 
List<ListEle 

{ 

head = 0; 

tail = 0; 

current = 0; 

} 

/////first(), next(), and insert^ 

ListElementType> ] before 

each function and the class name used is 

template <class ListElementTypo 

void List<ListElementType>::insert(const ListElementType & elem) 

//// member functions that we add: 

template <class ListElementTypo 

void List<ListElementType>::Upda$eCunent(const ListElementType & e) 

{ 

assert(current); 

current->elem=e; 




List<ListElementType> ] like: 




} 

template <class .ListElementTy pe> 

void Lis^UstElementTypo-InseitAtBcgiiiningfc^insi ListElementType & e) 

Link addedNode=new Node; 

addedNode->next=head ; 

addedNode->elem=e; 

head=addedNode ; 

} 

template <class ListElementTy 

void List<ListElementTy 

{ 

assert(current)f 

if(head==0)retu 

Link del;// if c. 

if(head==cu 

{ 

del=curre 

head=cu 

current^ 

delete de 

return; 



} 

// curren 

for(Link 

del-curre 

p->next=c 

current=cu 

delete del; 

) 

ii- The cod 




#include"list.h" //(no? 
const int MAXJTABLE^ 
template < class tableKeyTyp 
class Table 

{ 

public: I 

// Table(); we don't need a constructor, sine , . . consia ucior of list class will cause each | 

head, tail and t 

// current to be=0 | 

void insert(const tableKeyType & key, const tab DataType & data); I 

bool lookup(const tableKeyType & key, EaMeDataType & dat. ; | 

void deleteKey(const tableKeyType k key), c 1 

void dump(); 1 

private: i 1 




struct Slot 

{ 

tableKeyType key; 

tableDataType data; 

}; 

List<Slot> T[MAX_TABLEJ; // array of linked lists 
int hash(const tableKeyType & key); 

}; 

template <class tableKeyType, class tableDataType> 

int Table<tableKeyType > tableDataType>::hash(const tableKeyType & key) 

{ 

return key % MAX_TABLEj 

I 

template < class table^ 

void Table<table 

tableDataType 

{ 

int pos(hash 

Slot s,sl; 

sl.key=ke 

bool f=T[i 

if(f==fal 

else 

{ 
while(f) 

{//iftheH 

if(s.key=B 

f=T[pos].H 

} 

// if key doeM 

T[pos]. InsertH 

} 1 

} 



, const 







template < class tableKey 
bool Table<tableKeyType, 
tableDataType & data) 

{ 

int pos(hash(key)); 

Slot s; bool b; 

b=T[pos].first(s); 

while(b) 

{ 
if(s.key==key) 

(data=s.data;return true;} 



eyType & key, 




b=T[pos].next(s); 

} 

return false; 

In the previous function, we hash the key, traverse the list c ompariiig the keys. 

Remember that s is passed ' 

by reference to first () and next() so aflssr th e c all fcey contain an element (a slot) from the 

list. 

template < class tableKeyType, class ti 



void Table < tableKeyType, 

{ 

int pos(hash(key)); 

Slot s; bool b; * - 

b=T[pos].first(s) 

while(b) 

{ 
if(s.key==k; 

{T[pos]. 

b=T[posl 

} 

} 

// delete' 

delete th! 

which 'c 

template 

void Tab! 

{ 

Slot s;bool 

for (int i=0; 

{ 

cout « i « V; 

b=T[i].first(s); 

while(b) 

{ 
cout«s.key«'\t'; 

b=T[i].next(s); 

} 

cout « V; 

} 

cout « V; 

} 



eKeyType & key) 
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